INTRODUCTION {#sec1-1}
============

Heart failure (HF) is a chronic inflammatory process, with hormonal and immunological mechanisms not yet well elucidated. The dilated cardiomyopathy (DCM) is the most common type of cardiomyopathy in childhood and progresses to systolic and/or diastolic dysfunction, resulting in different degrees of HF.\[[@ref1]\] Despite the treatment, prognosis remains poor, with high risks of death, hospital readmission, or need for cardiac transplant. Some factors related to prognosis involve age, degree of HF, arrhythmias, and the degree of impairment of ventricular function.\[[@ref2][@ref3][@ref4][@ref5]\] The use of biomarkers has been proposed to complement the prognostic evaluation and to provide risk stratification in those patients. Biomarkers such as B-type natriuretic peptide (BNP), ultrasensitive troponins, and soluble protein ST2 emerge as useful to estimate the seriousness of the HF and the risk of death in the short and the long-term.\[[@ref6][@ref7][@ref8]\] These still have a high cost and little availability. On the other hand, the hemogram is easily available and generally requested during follow-up of these patients. The possibility of a low-cost biomarker drawn from the hemogram data is very useful in clinical practice. The neutrophil-to-lymphocyte ratio (NLR) and platelet--lymphocyte ratio (PLR) are being considered as new inflammatory biomarkers and used in the staging prognosis of several chronic diseases.\[[@ref9][@ref10][@ref11]\] As HF is an inflammatory process, these ratios may be much valid in the prognostic evaluation of these patients.

The objective of this study is to evaluate the NLR and PLR, from the hemograms obtained from children and adolescents with DCM, and to correlate them with the levels of BNP and with the clinical evolution of these patients in the long term.

MATERIALS AND METHODS {#sec1-2}
=====================

This is a retrospective, observational study performed in specialized outpatient clinic in the period from January 2010 to December 2015. Patients were included with age lower than 18 years, with DCM diagnosis and under treatment for chronic HF, with regular follow-up and correct use of medications, and with informed consent to participate in the study. The hemograms analyzed were those collected after at least 6 months of optimized HF therapy. Complete therapy was considered as adequate dose of diuretics in the presence of congestive symptoms, angiotensin-converting enzyme inhibitors, beta-blockers, spironolactone for those with persistently \<30% left ventricular ejection fraction (LVEF), and digoxin in cases of refractory symptoms. All the hemograms were done in the same laboratory and by the same test methods (Neubauer chamber hemocytometer and manual evaluation cytometry). The quantitative levels of BNP were determined at the same time, using the immunofluorescence method (Triage test, Biosite Diagnostics). The NLR and PLR were calculated for each patient as well as the ratios between the total number of neutrophils and the total number of lymphocytes and between total platelet number and total lymphocyte number, respectively. We compared the findings of the examinations in relation to the occurrence of listing for transplantation, performing a heart transplant, or progression to obit.

Statistical analysis {#sec2-1}
--------------------

For the analysis, the statistical package for the social sciences (SPSS Inc., Chicago, IL, United States of America, version 14.0) for Windows, was used. The categorical variables were expressed as frequencies or percentages and compared with Chi-square or Fisher tests, whenever appropriate. The quantitative variables were described as mean ± standard deviation, and the Mann-Whitney test was used to compare the variables between the two groups. Spearman\'s coefficient was used to evaluate the correlation including nonparametric categorical variable and Pearson\'s coefficient to evaluate the degree of correlation between the values of NLR and BNP. The findings were interpreted as directly proportional correlation (if +) or inversely proportional (if −) and weak (if 0.1--0.29), moderate (if 0.3--0.59), strong (if 0.6--0.79), very strong (if from 0.8 to 0.99), or perfect (if 1).\[[@ref12]\]

The receiver operating characteristic (ROC) curve was drafted to define the best cutoff point of the significant variables relative to the poor evolution (death or transplant). From that selected cutoff point, a Kaplan--Meier curve was drafted to evaluate the survival free from death or transplant and applied the log-rank test for comparison of the curves. The significance level adopted was of 5%.

RESULTS {#sec1-3}
=======

Follow-up was made on 57 patients, 60% of the female gender, with age varying from 1 month to 16.7 years (mean of 48 ± 55.9 months; median of 16 months), with higher incidence in infants of \<12 months of age. The period of follow-up ranged from 6 to 60 months (mean of 46 ± 14). The mean LVEF at the diagnosis of cardiomyopathy was 35.5% ± 9, 8%. The general characteristics of the population are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

General characteristics of the children and adolescents with dilated cardiomyopathy
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###### 

General characteristics of each group

![](APC-12-18-g002)

After optimized therapy for HF, it was observed that 37/57 (64.9%) of the patients had a good evolution, remaining in class Functional I--II New York Heart Association (NYHA), but 4 (7%) remained in serious condition (Class III--IV NYHA) waiting list for transplant and 16 (28.1%) had evolved to death or were submitted to cardiac transplant. The results of laboratory analysis are shown in [Table 3](#T3){ref-type="table"}. The evolutive groups were represented in [Figure 1](#F1){ref-type="fig"}.

###### 

Average laboratory result comparison between groups
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![Distribution of patients according to progression after complete treatment of heart failure](APC-12-18-g004){#F1}

There were no observed differences between the evolutive groups in relation to the results of hemoglobin, global count of leukocytes, lymphocytes, and platelets. In the same way, the PLR appeared similar on the two groups (*P* = 0.464).

In unfavorable evolution, group presented a higher mean of neutrophils (*P* = 0.011) and a lower mean of lymphocytes although it did not reach statistical significance (*P* = 0.173). These results influenced the increase in NLR in this group (*P* = 0.034), [Figure 2](#F2){ref-type="fig"}. The Pearson coefficient for NLR values relative to an unfavorable evolution of the DCM showed a moderate degree of positive correlation (r = 0.34. *P* = 0.010).

![Comparison of the neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio between the two groups](APC-12-18-g005){#F2}

The ROC curve \[[Figure 3](#F3){ref-type="fig"}\] drawn for the NLR values showed the area under the curve (AUC) of 72.9% (HF 95%: 0.540--0.873; *P* = 0.016), so that the best cutoff point for predicting death or cardiac transplant was a value equal or \>5.2 (sensitivity: 93.8% and specificity: 87.8%). For this range of results, the positive predictive value was 85.7%, the negative predictive value was 80%, positive likelihood ratio being 15%, negative likelihood ratio being 64.1%, and the accuracy being 80.7%. The AUC when drawn for BNP values showed an excellent value (AUC: 94.8%, HF 95%: 0.849--1.030; *P* \< 0.0001); it was noted that all the patients with NLR ≥5.2 had BNP values \>1000 pg/ml (*P* \< 0.0001). The result of Pearson coefficient for the NLR values in relation to the BNP values showed a moderate degree of positive correlation (r = 0.49. *P* \< 0.0001).

![Receiver operating characteristic curves based on a univariate model examining the power of brain natriuretic peptide and neutrophil-to-lymphocyte ratio to predict cardiac death or heart transplantation (green line=brain natriuretic peptide; blue line=neutrophil-to-lymphocyte ratio)](APC-12-18-g006){#F3}

In addition, it was observed that a lymphocyte count below 1000/μL in these patients was related to a poor prognosis, that is, evolution to death or cardiac transplant (sensitivity of 81% and specificity of 93%).

When the LVEF was analyzed in relation to the values of NLR \[[Figure 4](#F4){ref-type="fig"}\], a statistically significant difference was observed, so that the patients with LVEF lower than 35% presented a higher frequency of NLR ≥5.2 (*P* = 0.03).

![Patient distribution according to the neutrophil-to-lymphocyte ratio and left ventricle ejection fraction](APC-12-18-g007){#F4}

The Kaplan--Meier curve \[[Figure 5](#F5){ref-type="fig"}\] showed a greater survival for patients with NLR \<5.2 (*P* = 0.001). The biggest mortality index for patients with NLR ≥5.2 occurred between 24 and 36 months of the follow-up. Rates of survival free of events (death or transplant) after 80 months of follow-up were of 81.9% and 16.7% for patients with NLR \<5.2 and NLR ≥5.2, respectively.

![Survival analysis by Kaplan--Meier method and log-rank test for neutrophil-to-lymphocyte ratio](APC-12-18-g008){#F5}

In a similar way, the Kaplan--Meier curve drawn for the survival of the patients relative to the range of values of BNP, having as cutoff point value of 1000 pg/ml \[[Figure 6](#F6){ref-type="fig"}\], showed a greater survival for the patients with BNP \<1000 pg/ml (*P* \< 0.0001).

![Survival analysis by Kaplan--Meier method and log-rank test for B-type natriuretic peptide](APC-12-18-g009){#F6}

DISCUSSION {#sec1-4}
==========

The inflammatory process is observed in chronic diseases, such as cancer, diabetes, systemic arterial hypertension, connective tissue diseases, and chronic kidney disease, among others. The HF also develops as a chronic inflammatory process.\[[@ref13][@ref14]\] Immunological and hormonal mechanisms are activated, although this chain has not been completely elucidated. The reflexes of these alterations may be noticed peripherally, through the analysis of blood cells.

Neutrophils are recruited very early after the myocardial injury, followed by pro-inflammatory monocytes and lymphocytes, increasing the total numbers of circulating leukocytes.\[[@ref15]\] In this inflammatory context, the platelets interact with the endothelium and with the leukocytes, with the occurrence of the expression of cellular adhesion molecules, such as the E-selectin, on the surface of blood vessels walls and in leukocytes present in the blood flow. They can release a variety of cytokines and chemokines, supplying fast mechanisms in the acute inflammatory response as well as also synthetizing interleukin-1β which, when activated, may induce inflammatory response in endothelial human cells.\[[@ref16]\] Not only the increase in the number of neutrophils but also the number of platelets represents nonspecific inflammatory reactions. However, the reduction in the number of lymphocytes is justified by situations of great stress. Patients who are significantly sick suffer physiological stress, with increase in cortisol production by activation of the hypothalamic-pituitary-adrenal axis, which may result in a shift in the leukocytes differential count, reducing the relative concentration of lymphocytes.\[[@ref16][@ref17]\]

It has already been demonstrated that lymphopenia is an independent prognostic factor, being associated with lower survival rates in patients with HF.\[[@ref17][@ref18][@ref19][@ref20]\] Similar results were demonstrated by the present study, being observed that patients with lymphocyte count equal or \<1000 lymphocyte/μL presented a poor prognostic.

NLR and PLR are considered new inflammatory biomarkers used as prognostic factors in several diseases and associated with higher mortality of adult patients with HF.\[[@ref10][@ref11]\] The study, in thesis, demonstrated that NLR was increased in the group of patients with poor functional class and was related with a death outcome or cardiac transplant. Similar findings were found in a recent study comparing NLR results of patients with functional Class III--IV NYHA and cardiomyopathy hypertrophy with those of the control group.\[[@ref21]\] Uthamalingam *et al*. also showed that higher levels of NLR were associated with a higher mortality rate of adults with decompensated HF, being its capacity for predicting the mortality superior to the neutrophils count, the total count of leukocytes, and the relatively low lymphocyte\[[@ref11]\] count.

Durmus *et al*. concluded that NLR and PLR were higher in adult patients with HF than with the controls matched by sex and age (*P* \< 0.01), and that NLR was, just in itself, an independent predictor of death. They determined too that the best cutoff point of NLR to predict HF was 3.0 (sensitivity 86.3% and specificity 77.5%) and to predict death it was 5.1 (sensitivity 75% and specificity 62%).\[[@ref18]\] Our results were in agreement with those shown by these authors. We verified that there was no association of PLR with the prognosis and the cutoff point of NLR to predict death or the need for cardiac transplant was also similar, of 5.2.

In the same way, studies were conducted in situations of pulmonary hypertension (PH), with similar conclusions. Patients with PH may present an increase in the total number of neutrophils and increased NLR, related to a more severe pulmonary disease, worse functional class, and poor prognosis, with high mortality rates. Harbaum *et al*. provided evidence in their study with adult population that patients with PH and high values of NLR presented a worse functional class (III and IV) (*P* = 0.0281) and progressed to death or pulmonary transplant (*P* = 0.0394).\[[@ref22]\] The present study excluded patients with PH that was not secondary to DCM.

Among other chronic noncardiac conditions where this ratio has been used, one is obesity. Aydin *et al*. evaluated hematological data, including NLR, in obese adolescents, compared to a healthy control group. The authors found significant differences between the groups with a rise in the NLR and the mean value of the platelet count in obese patients. This fact appears to be related to the physiopathology of chronic physiological and inflammatory stress, directly influencing the increase of NLR.\[[@ref23]\] The patients of the present study were not in the obesity range.

It is not only the studies conducted with patients with chronic diseases that have correlated NLR with factors of poor prognosis. Many studies are being made relative to acute diseases, such as urinary tract infection (UTI). Han *et al*. studied the usefulness of NLR in the analysis of febrile UTI in children of \<3 years. Their results showed that NLR has a better predictive factor for vesicoureteral reflux when compared to other factors such as the absolute value of leukocytes, C-reactive protein, and erythrocyte sedimentation rate, with *P* \< 0.001.\[[@ref24]\] The patients of the present study did not present acute infections concomitant with the symptoms of DCM.

Several authors have noted that persistently low LVEF was associated with a worse prognosis.\[[@ref25][@ref26][@ref27]\] The present study also showed that LVEF was related to high values of NLR and in this way to prognosis. Durmus *et al*. also evaluated the ratios of the hemogram and the LVEF, in a study of multivariate logistic regression and determined that the only independent predictor of mortality in adults with HF was the NLR (*P* = 0.045) and not the LVEF (*P* = 0.179) or the PLR (*P* = 0.464).\[[@ref18]\]

The determination of the level of BNP is presently available but still expensive for routine use in many countries. A study by Kim *et al*. demonstrated that children with levels of BNP higher than 600 pg/ml presented poor evolution for DCM.\[[@ref28]\] A study by Yan *et al*. compared values of NLR with values of BNP in an elderly population with chronic HF and related them to cardiovascular events, concluding that NLR was a risk marker with equivalent power to BNP.\[[@ref29]\] The present study demonstrated similar results, being noted that levels of BNP higher than 1000 pg/ml were associated with high NLR and also to unfavorable prognosis. It should be stressed that the follow-up by hemogram analysis is more accessible in clinical practice, so that the determination of BNP may be reserved for selected cases.

It should be stressed that the greater part of the studies related to this theme was conducted in adult populations. The present study is a pioneering one by evaluating the prognosis of HF in children and adolescents with DCM through the variables of the hemogram. Therefore, there are no data available to compare the obtained results with a population of similar age group. Subsequent studies may elucidate these facts.

CONCLUSIONS {#sec1-5}
===========

The hemogram is useful to evaluate children and adolescents with DCM and in the treatment of HF. High NLR (≥5.2) and lymphopenia (≤1000 lymphocyte/μL) were associated with a poor prognosis and a higher chance of evolution to death or cardiac transplant.

Limitations of the study {#sec2-2}
------------------------

This study presents limitations, among them the small size of the sample, justified by the low prevalence of the disease in that population and by the long-term follow-up. We also stress the lack of a control group, with matching by gender and age. Since it was a retrospective analysis, the examinations were evaluated in a single sample of each patient, at different stages of the disease, in a nonstandardized way.
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